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TAREE Ry B A SR DRI ST PR Bt - 8 I R A RS TR | G P B 3l SRS Y 2
TR = R A R RERETTRE S By A H R &5 R
FIREE Y Ry =805y > S Al R4 ~ hRMEE K 57 E - B EHESEE 558
T N TAEEC » i sC Hshan RN P ERREURHE (8 A 257 31 &= 4% ( Support
Vector Machine, SVM) g%kt 737 4E2S » & DA% oy dEes BHME o EmsE bt —
Rl > BHET EEER T o o] HEERE R BBkt -

TASURERFAGPEES - I PR SLaISREER T BIANA TREERERL , ~ T PRIEE RS
e SRR ) T TREER R > EL R B R A » TR AE
HFEIPERRE RS A B ¢ 40.22% ~ 41.21% ~ 44.35% -

FHEEARE I KB AR BE IR sE R o/l R HH Ay i B AR B B R S B B e B e P A Y
ERAERY - HOMRRECRAY 2l e I 4.13% > SEE A SCATIRHY T A o REHREEE
AForHEE REA XY B Bh A s AR A -

BRSEE : GREsprRHE - [BEGEUS T RRAL 5B - SRR - R E
1

Abstract

This research focuses on validating a Taiwanese speech corpus by using speech
recognition and assessment to automatically find the potentially problematic
utterances. There are three main stages in this work: acoustic model training,
speech assessment and error labeling, and performance evaluation.

In the acoustic model training stage, we use the ForSD (Formosa Speech
Database) ,provided by Chang Gung University (CGU), to train hidden Markov
models (HMMs) as the acoustic models. Monophone, biphone (right context
dependent), and triphone HMMs are tested. The recognition net is based on free
syllable decoding. The best syllable accuracies of these three types of HMMs are
27.20%, 43.28%, and 45.93% respectively.

In the speech assessment and error labeling stage, we use the trained triphone
HMMs to assess the unvalidated parts of the dataset. And then we split the
dataset as low-scored dataset, mid-scored dataset, and high-score dataset by
different thresholds. For the low-scored dataset, we identify and label the possible
cause of having such a lower score. We then extract features from these
lower-scored utterances and train an SVM classifier to further examine if each of
these low-scored utterances is to be removed.

In the performance evaluation stage, we evaluate the effectiveness of finding
problematic utterances by using 2 subsets of ForSD, TWO01, and TWO02 as the
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training dataset and one of the following: the entire unprocessed dataset, both
mid-scored and high-scored dataset, and high-scored dataset only. We use these
three types of joint dataset to train and to evaluate the performance. The syllable
accuracies of these three types of HMMs are 40.22%, 41.21%, 44.35%
respectively.

From the previous result, the disparity of syllable accuracy between the HMMs
trained by unprocessed dataset and processed dataset can be 4.13%. Obviously, it
proves that the processed dataset is less problematic than unprocessed dataset. We
can use speech assessment automatically to find the potential problematic
utterances.

Keywords: Taiwanese Corpus Validation, Hidden Markov Model, Speech
Assessment, Support Vector Machine.
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A« A SCHTTR IR IR S G A T T T 5 R B ER BLAOREA 4122 S
F SO SIS A TIENTE - LR A TR E R
] > HOb R L -

A S e TSR UG HEETHE U R R SR T R 3
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BllECEEy S FHEHEEY ARSI 4 LR

v S
i PR SELISY hRE(E

{57k

ANTLEEE

A FHEER

AR SVM

+ BBt

B . B AR B

DRI - ASSwSCHIBIFE T [R5 A0e] (58 P BRI R i B T B, - SPRBEERE RS thsa ah oy
HETTOIPHYERSE - WARSCHIA BB > HPUBUIEIRYA BRI R i A= oy Jies - 155
HHETT SR PR B bl - DUT S8 8/ 4dam SCZARRERISE » 35 =BNiataliam SO070%
P e SRS S 0 BB R EREE JT VA - S THER R AR ST A TR T R A
HERAE TR - S5 T8 Ry AR S YA S AN R AR 2 5 18] -

2. HHBEEASE
2.1 1EE LR AT SR

ST N A S 250 B R R EE/ D35 2 (Formosa Phonetic Alphabet, ForPA) - ForPA
PFEREEBHEEERE - 658 - FeE B AMIEE A% > HEBNEEA 37 # > aiEA
56 [ - WitERE S B ZWEILA 63 (F - SEIA 32 (F (KRIFET > 2010) - HEfTEEMH
B> F\%hiy - MR EIAEER %8 (Mel-frequency Cepstral Coefficients, MFCCs) ( Davis &
Mermelstein, 1980) FI¥f#aEE (Log energy) fURaEEFHEL 5 M LARS =M AT Fo Y
(Hidden Markov Model, HMM ) 2R 777 R & el iy B2 5L -
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FHEFTEV Oy > AEAGR L AR R Y oy BOK R R S AR AV SO RV (DR RE - (EARBE AT
AWEFE (EEH - 2007) - FERRESIROE FeBE st o iy r 8O A &3 RIEEAE AR S D
AT =R BERER AT > DR R R A S EFP LI AR -

FEZ EEMEEEEE A EEEL N SEFEA S AN EEEEZEE AKX -
BB T P o A B R A B BT S Y S AR R A Y 6 SRR E 3
LA > ARy 8Os D Ry [R5 73 By 80% -

FEITEET R FERH A/  EEEER T > RO IR 6 B
RHFESEE R 3 (HEHE - HENTRVR/NEIEER - & — 5 a0 d LR s
FRAVEERE Ky 3 EEHE - ARy Bk b Ry I 5t 73 8y 80% -

FEIBHE A — - AR T M EF R R L RR T HY IS - BT AT B S 8
AR s b SR N HIATE & BT EER A S A AV EE - R RSPt &R T RE & i
IR RN » AE (FEF > 2002; BR7E%G - 2011) ERAHEEIN D BETREITE - (&
VI EERACET I BHETR - A EF R A S UNATA S - EERFIORZ
VIS EERAYE B8 H /N IERESOR R E B8 H R - A BURIR D) B &5 R A S e H B
i ARE R H BB E ZEEPIAEREE - flan > JROcE ARE R R T AIRIE e SEAE e 3R

Iru-ger-lan-e-sen-hen-bher-e-ue | L9 EMEE HUSTERROETA A
I ger-lan-e-sen-hen-bher-e-ue > 3 8 {EZ & - [R5 %L Hif By 80 47 RIj3H %L 1% B 80x8/9=71
A

3. AFITA

3.1 EEpERE R AR A 4R

AmsZ#EF HTK (Hidden Markov Model Toolkit) (Young, 2009 ) 3|4k EL R R F12H %2
FHE S8 - AR SR SRS B - (H ) HTK S5l e RHEEUR g - s alal st =
TR EE R BB - G5 T EEZR (Monophone ) ~ HEIAGHENE#E T 2
(Biphone) KEEIN/AAHR =H %% (Triphone) -

3.2 EEPHRE BT R
AGwSC M HMM g SRR BARE S 5 oy KA IR SE & > MRt RV 8 E1F
FENEESCARNHRE NEAELMESS - ORGSR E RV - FEHRE
YRR SR o] DR B AERTRE NS RF O B g s - N2 (RS S SRR
e E A PR ~ SEEER - SEANTEEE AR - BHER BUIERY)
4.5 RGN EE - AR BE R o AR B S &
MR SRR ME BRI AGE -

FES R R SR TRE S SV Y T > e MLl (8% > 2002; 5755 > 2011)
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A BHEEE AR B BEA - (2D PRl s > AR
ARARHTRE o B - WIS R P TEE - TR F R AVERE Y BB & ~ PR(EE

= o B RN HERRE R A RAVEERL - (B9 RTREFAEE R Ry 7y B g
SR HERRL - R ERPIRE A B > 2R AR i @ sB it i3y ik
B HIER - S ENAERR EAEEN A EIEENEE RAVEER - SETE A
HRE HBR % $k o B RERYEY o S B S SV - (BRI R IR A > IR
G VE o T P REME A RERE Y ELE A & 5 -

3.3 (BT ERER — Kk
FE M 53 6 PR TS B Rl 53 RS BRI 5 5 R 29 B 3T
PRI A3 EH B PSRBT 7735 - FEEH SVM 2 O 5B SF SRBR ) TR
B3 JE B AT PR LRI ELARERY <

B PSS 5 F AT B R 5 AR E S BB ST R R BB R
PRI 1053 AT 7 A TR0 RS E A » A TS 9 1
SR B M © e LARSC AR o LA S SR (R e ey
AT YRR S5 EES © RS S BT SR A 2 R A 7
T AR R ET AR 7 A AR5 -

B P 3 B 17— JORBRI B (T 2RI P PRI % - (B0 R A gt
EHEST NPT FRHERT A THE > RSB RAT ] AR E A THRERENT - Fit
D N TR - IIbE A e -

4. BFREERELS

41 SR

A ZERR R B BE AR 2001 & 2003 4ERY  HUTEIRIG ZEtiE T aEtE%
EREE MR s B e E S BN E I ) TN G Btk E ForSD (Formosa
Speech Database) » 72 F E 1y TWO01, TWO02, LK TWO03 %5 = (i 754 (Lyuetal.,
2004) ° FZaBkly RealllSREE LA EE R E SR & - 4G S EEA LAEER R o i iy &
G Rl SR EDE - 22 1 RysZeB R HYAE RS -

K1 ZBEAN

BllECEE S M EER
Bkl 2% | ForSD-TWOL ~ ForSD-TWO02 ForSD-TWO01 ~ ForSD-TW02
Spriks | EEEE - 16kHz - 16bits EHAZIE - 16kHz - 16bits
EE 600 A - 58317 A ~ %283 A 26 A B 13 A ~Z13 A

SR A8 | 117047 &) - B3 61908 &) ~ %2 55139 4] | 3072 &) > B8 1549 &) ~ 4 1523 4]
iR | 32.58 /)N\HF 0.98 /|\HE
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AL ETAEACR S ForSD #BI PR TWOS T8 (EFF%  2012) - i
FHRIBEHE B 5 0715 AT A > St 4 (AR 671 (4 SRUTAY - Horp
TR ARV SE AR LIS 115 - SR CERE NI T - R 2
PR R R -

F 2. fF BRI RS

(Sestibn s
ey ey ForSD-TW03
PRE RS BHEZIE > 16kHz > 16bits

675 A\ > 55263 A (EZfifi2 A ~ 24261 A) -~
2,412 N (Rl 2 A~ 84410 )

ST HTEL 205311 4 - 52 82099 4J ~ 4 123212 4J

FEa=isIEl 136.14 /]\i%

HEE

4.2 WrBAEps SR RE BTG
ARShSCBR A BB ( Free syllable decoding ) s #EsshaRiEs - Lo 4t 5 67561
0%, 853 ] 117 B3 61125 T (B 5 13010 S T 20 32 M SR ARG T 4 75 T2 2 2 silence »

o [ Ry AR R 6 - A0 2 B e

[B72. PEHAEEA G E
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EEERT - &SR EE AR =2 - HIIEES SR HETE e A5 - Bl
Bt o [HURGIGREER A E RN EWEER > LA - SEECANEARRT
&~ A R B EEESE T IR o i8R BB e A 5| SR A SR AR R Ay
HirnsBklEeE 2 Eakl e ok A AR E > HERERgEETE -
It > FEE IR PR AR A R s R R B R AR FE AR BE BTG 7704 - BT S 1 shl il
AR A e R T A AR N R ER A T PR T T LR -

TEARGm S > FRAPIER A S ERHEa% (Syllable accuracy ) i fsaBicl 823 672 FA2 LAY E
ik - BTN RBHEETE A

Syllable accuracy = N-D-S-1 DN_ S-1 x100%
Hrp N BIFWESCANESZEIEE D RELIFEIEE - ENEHIREERE AR »
([EFEPER SR EANGA YRR AR FEEE S BERNEEEE  ErEHE—E
HEIHERE S EEEHINEE | BIEANSTEIEE - B0 RS R bR T ERENE
BN - ZH T AR IR EEEE -

4.3 FBrzERERITI ok
AE BRI H A Fy(EH] ForSD-TWOL ~ ForSD-TWO2 FliISREEF - &t 2 By 5a 9k L F
TE ~ PERRARAVAGR R A DIIMRERE S RF T -

W

Monophone ={=Biphone =/=Triphone
45.93
48.00

40.00 fﬁ 42.93 43.28
32.00
24.00 —g —

16.00 5
8.00 +

0.00 T T T T T T T
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Syllable accuracy

T T T T T T 1

# of mixture components
/& 3. Monophone - Biphone - Triphone 2847 T [ E BRI T Z HFatéa R
3 %1H{ 7 Monophone ~ Biphone ~ Triphone ZELEAIFAREIRFE T = HE AIE L 5
HIfEss 7E[1 1 112 [70 70 701 HIHHSRAE S - H » SEHRRE 61 & = (& Streams - silence
FRATU A = BT R AR H A A A A W £ -
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FEAE B> Triphone A2 E2AEAY Y S TR A1 R [30 30 30]RFHY = B sl R 2 2l i =
Ky 45.93% > FFETY H Al Galiah 2 P 7E 07K - Z AR ERR4G T ¢ 177 Biphone AZERfH
R TR AN F[25 25 25] k2 [45 45 AS]HFZE R =L - Z &R ERA4A 1% ¢ (il Monophone
RIS B R R 23R BT FAYESY > (HI#AEL Biphone ~ Triphone A2 E2 A5
FHIAA o B0 T E RS DR MBS - QIS H A& (Over fit) - 355
PR T - DL RS > TSRS TR A% /5 [30 30 30]Y Triphone B E2 5 A& (L
BER S > PARE S T PR BT -

4.4 BRI R TRE S ALY

R B 019 B (6 P BT B A (S R S S BB R A TAE 2375 SRR
SR (B R 5 B S E - o R A S A = (BEE - FofPTd Sorbi
— AR S » R R R (TR ( Force alignment) RaEE3T5Y -
BB 40 2.2 GIFTE - B A NSO o AR B - (951555
Wik RMIKIES B B RN S B ESE - R EE RS SR - S8
L B 60 - 80 5 » JERT5T IR, 60 SHAT3ERHR BIESE - 5153 D BEH: 80 530
AT B Y ~ TRES TR 60 53LA BRI 80 SyRSBRIEE B RIEE - B 4
By T A B A A MR T IR AR SRR & R R
SRS » B LUAHD S BRI 57 A B, 60 25 80 531 -

& =fHEER 1EsE EoE =FfEEER nEoE
20.52% 34.36 hr 28.39 hr
30.73%

48.75% 73.32 hr

B4 BHE ~ FRIEE - F7EZF T8 () BRE (L) 2718

4.5 REETEEFHKE SRR 2 BRI 4R
AT B H Y Ry LR (s PR & B B B K R 5wV o0 B BE 1R SR Pl 6 Ly B B A A
oo {5 2 BRI Ronf R R FRE AR U7 0% -

AREBRE] E—/NEIAVEER - 55 ForSD-TWOL - ForSD-TWO02 Fll#kaEH 53 51T
ARBEHEER - PREEN S EER - SoEER - RET LRI - RS E
A =8 FIFISREE R S AR SR o FORF RS SR AL SR - (E R REASRECE
B BLAL B AR SRR T SREFAR A -
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34 5 aRIRINARLEZEER - AT ~ mo&sEkE - A2 &EEEAT
SR HH SR A B B T HW R AE S - HoR o IRV A fy Triphone - SEERHHY 26 F 5 Y
HEIGHARE - REBER G - FEGATISREER I AR EE BRI SR H Ay & 225
B HEEHRERE Ry 40.22% 5 TANA R E & RS oy G skl ok LAV 2245 R - Ol
RNy 41.21% 5 1 {E A & o G EB RIS H ry B S A H B ey 44.35% - Hh4h
REEMAG BB AT R R R R & - fE8 S B RIS T - FAGISREER
BURIEAGE R Ry e - (B BE B GE IS B0 A A it » ORI BE R EE RO BN R -
W R G R -
7 3. FRATETEET I B BT 2 P héa R
Mixture | Deletion | Substitution | Insertion | Correction | Accuracy

= Hivg BE |y

Triphone | 1,544 | 417,150 | 0.86% | 53.04% | 5.89% | 46.10% | 40.22%
KA. FREIEHIER E B R T Db R

Mixture | Deletion | Substitution | Insertion | Correction | Accuracy

= Kivg BE |y

Triphone | 1,539 | 415,800 | 0.82% | 51.15% | 5.82% | 47.03% | 41.21%
K5, EA BB E R IR

(3
oo > = | Mixture | Deletion | Substitution | Insertion | Correction | Accuracy
B HE e

Triphone | 1,527 | 412,560 | 0.95% 49.45% 5.25% 49.60% 44.35%

EEBEERER - IIAGES 5F 57 B SR Y SR ATall of By B AR RY bR fin AR &K B e
sERATAI SR L HY R SRS IUAR T - HZ B RECR AR AT 2 4.13% - BRI TS/l eRIRF 5 A YRR
BRI R R (WARE S EERHME - MEANIA S 7 BB AR S
EEhOAT ~ S EEERERAEF - HFEE B REE A S B — R e - 8E2R%
EISEE R R Rm ol 1.6 5 » HEEERAIGES BREERRtEE &S - fHit
FHRGEEH 1l SRR B VB R - FTDAE AR - 388 T E P s
REA RHY B BhET B A R YRR &

4.6 (B EEER Rk

HPEITRE S 53 > AR (E AV SRR S0RR E - RIB S A RET - 1ERUE BHYEE
BHEEF T B RIE - AEEAYHRTZHEM SVM 28Es - $HE T EAYRERHE TR
REIERER R EEAYFER IR Ry o] BRI A Bt o [FIRERE e A e B TR AY
B R EN RN -
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SR PY e R BB E P FRB SR BLl » B AR TARAE (7 A TSN
T - BEESERRE  FRER OIS Al SIS RIS E - DOt s
SRS B IR -

PN THETRSE - JRPUHES G AIRRILL 10 SRR - 57 BIBHFS Y8 0 %
10 53 ~ 10 % 20 55 - ... ~ 50 % 60 5374 250 {EE ML (FHRIAVE(F » SEITAT 1500 (@5
o BEEERR - B T BT R TR - R EAERISN I T AR B
IR - BTS2 1A 2 EE AL B E BRECAFAY 1500 (B2 53 Rl SR A AISU A -
# 6 Bl aiNgE - ISRV - Foo - IETAY 1500 (B 2 EE MR AT
SRR > AL -

6. BB LSRR Fias G~ R R F I B

GllEei-es g ZE
EERETS AT AR} BBk AT HEER BBk
HHEE 246 754 100 398
HETEE 1,000 498

7Y SVM SrisgsallRis B - BFIEA LIBSVM (Lin, 2013) & T HHETT /33 =519H
B o PYRFEEHEES - TP CECERE TR ERNA BIER BS% » i HEEHERT -
‘O(EFENEE (1-104) ~ ST - ROMEFESTEN ISy (11~-204) 58
FRP R (21 4) - IGEERT SR sEHNRRF RS EAES] (2248 -
B E PR VIS ER T EEBOATERHIEd] (23 48) ~ IREEFHRIF &R > &
B PYEE (24 48) ~ IREESF o &ER > FRAREANFEEE (25 4) - 4 25
YRR - 22 7 By SYM S JEZSI S BERE -

1. SVM s 2B E

S8URHE REAE
Cross validation 5-fold
Kernel function RBF kernel

C 8.0
Y 0.125
Feature dimension 25 dimension

AN TARCHYERE S - TR ReBrt A BRYRAE R 14 A Hep—(#%
T P T BE HH B SRR SRR - 3% 8 Bl T 1500 {HIfERCAE 2R IR - RSt 4R B
o8 BRI BN ROV B el HsEk - HER BRUIE A - TEZEHEH/ I
AEEHE -~ AT F
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8. BLELE T RIRAIR LB 8

A REFEE HERRE(E D) FREH HIRRE(E D)
H] FEER 346 (23.07%) | SCARIFEFTEERA[E 80 (5.33%)
g R BB A 333 (22.20%) | HEIFF TR 62 (4.13%)
HRESEIRUNA IR ZE S | 231 (15.40%) | AIEEGE 41 (2.73%)
e 177 (11.80%) | sRaGEE A 18 (1.20%)
ZEEHEE 166 (11.07%) | B {FiH 12 (0.80%)
BRENEESCANE GG 125 (8.33%) | SfEAE 7 (0.47%)
HEHE/N 90 (6.00%) | xR 3 (0.20%)

T T MR BRI -
A TIFIEERE R T IR R R L R RN A B A G R - BT AR -
B 5 BSCA Pz T IRETE T/ ghua-dading-liau | (TR - 2k S P2

SANERE
B BT -

 AHHEEF ST BANERY 60 ¢ IS RHR T A IR IA Ry & R oA L s

(sil) (ghua) (da) (sil)
-1 56 48 -1
1
05 -
3 WW PHR |1 O Se—— §
-0.5
ai | silgh ghy ua sild da ai
e -1] 73 |37 43 70 27 -1
0.1 0.2 03 0.4 0.5 06 07 0.8 0.9

[B75. B0 A R E

. EiER BVIE AR MRS SRR BB Y - SHEABATHEGES G
FUIEESEIR R - ERETENAT - BT e EaA s - DIE 6 Bl Z5k
EEENER T EEHEE IR e 4445/ dier- e- dang- zin- zin- ziann- ziann- e- zo-
zit > (BRSO ok i i B HIBRBERS - Al D) B2 Ed dier HhfE - SR E R
HIR L -
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(sil) (dang) (zin) (zin) (ziann) (ziann) (&) (zo) (zit) (sil)
1 -1 61 99 87 75 69 55 60 100 -1
05
-0.5 H
ai sild silz | zi finsilzl zi |in|silzzidnnan silz | zo |silz zit ai
A -1 70 1/100/10 73[100 310067 55 100 65 56 |100 100 H1

0.2 04 0.6 0.8 1 1.2 1.4
[E6. FEHRUEEZEZEEE

C. BTEFEIBUNASICA TR | SCANH D SEIESF S SENSAERE » FlIseR

W& R T H—5 AT u-zit-gua-lang-cut-mng-iu-lam | » {HERE A0 H & H
TSP EE/ gua-lang-cut-mng-iu-lam | > /DT T —/u-zit |, FE{EEZET -

D. Ay T otElN - NEMEIEREEY -

E. ZOEHE St SRS ANE » HABI S sz -

F. SREABRHEIANERTTE @ E SNSRI EEXANETR TS > FlaseR
2 hy T o SRR m 2 505 A2 dang-gho-dai-hak-ma-m-si-dang-o-dai-hak | » {H
EREANAR THREAKZN m Z0E m 2 508 K £ /dang-gho-dai-hak-ma-m-si-
ma-m-si-dang-o-dai-hak ;> %7 T m 2/ma-m-si | ={EEFET » ESCANEE SR
f%l:l °

G. BEil/\  ShEEENEER/N -

H. SCARFIFES TSR ARG - SCAN NI TRINAARE - GOSN By T 7% in-e
EN o HFEFTNZS fy T zan-sat-zok-rin | > J24pd Tin-e | WA{EEER  MEkE = 1E X
FRIBSCAR NSRBI » SRR N AP T4E SR e H A RIS -

| HEIREHGR | ST SENE B EAR

J. BRS¢ ke R E BRSO -

K. BeGEEE R © S S RENIVRRsE TR » A\ EMUAPERATSR I AL -

L. JEEEE  stE N EREENEE > S ESEm R SR RE -

M. EEARME @ sE SRR - SURsA0 - SR EEIEAE -

N. G5 @ s SRR -

{5 FH H B/l Sk AE 22 #E 1T 5-fold CV (Cross validation ) Fr{GE|iY e E28 : C=8.0 - v

=0.125 » HA MR HIBE R 0 JRGE AR (Accuracy ) £y 82.33% © J&E T FyHffaikes

IR AR
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pAE RS 48
HEERGEEHE

% 9 R AE B b oSS B S R A AR (Confusion matrix) - fEFR PRI E]
DURHRZ sy s st B R BEPRHR H ARSI 2 % (False Accept Rate, FAR) 5 70% :
ShEATE4E 2 (False Reject Rate, FRR) £ 4.52%  LIGIERA RaBfl s HEYHBIR T -
Z oY RS T B AR S B B A BEEA -

29, AEFIERE

Accuracy = x100%

R
AL | 7 Bk

g | TTHEER 30 70

i

| Fesmkt | 18 380

F&Hh SVM gyfaes - TR DUEHME Sy B A AT A BYRERHETT 7308 Bt R T A
A RIS BLaERh > FLorJA4E SR o] RIGER Ry 8570 {18~ B afft Fy 33398 {1 - B BRAVAS IR
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